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PREFACE 


The weight tables in this publication, while based on data collected in 
northern West Virginia, may prove useful in other areas of the Appalachian 
region; however, they should be adequately tested before they are utilized else- 
where. The sampling procedures described are of more general utility. 
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Tables and Procedures for 
Estimating Weights of 
Some Appalachian Hardwoods 


Harry V. Wiant, Jr., Carter E. Sheetz, Andrew Colaninno, 
James C. DeMoss, and Froylan Castaneda 


WEIGHT TABLES 


The introduction of whole-tree chipping operations in West Virginia forests 
has stimulated interest in the development of weight tables for field use. These 
tables facilitate the estimation of weight of standing trees to be chipped and 
eliminate the need to convert from cords or cubic feet to weight. Weight tables 
were developed for some Appalachian hardwoods in northern West Virginia. 


Procedure 


Nineteen to 22 trees, ranging from 2 to 16 inches in diameter at 4.5 feet 
(dbh), were selected for study on or near the West Virginia University Forest? 
near Morgantown for each of the following species: 


Code Species 

NRO northern red oak (Quercus rubra) 

BO black oak (Q. velutina) 

SO scarlet oak (QO. coccinea) 

WO white oak (Q. a/ba) 

CO chestnut oak (Q. prinus) 

VE yellow-poplar (Liriodendron tulipifera) 
H hickories (Carya spp.) 

BC black cherry (Prunus serotina) 

RM red maple (Acer rubrum) 


Trees were felled, sectioned, and weighed in the field, and oven-dried weights 
were determined from wedge-shaped samples taken at 4-foot bucking points and 
from branch samples. All stem material less than 4 inches, diameter outside bark 
(dob), and limbs were considered as branches. Stumps, approximately ‘-foot, 
roots, and leaves were not included in this study. 


The West Virginia University Forest is evenaged, about 45 years old, with an average 
site index, using Schnur’s (1937) curves, of 73. 


1 


Results 


Analyses indicated dbh accounted for most of the variation in total oven- 
dry weight. Inclusion of total or merchantable heights did not improve relation- 
ships appreciably. This indicates the value of local weight tables, using dbh 
alone, for weight estimations. Tables 1 to 12 give green and dry weights for the 
various species. 


Regression models tested included: 


W=a+bD? 
W=a+bD+cD? 
W = ab? 


where: W = weight in pounds 
D =dbh 
a, b, and c = regression constants 


Although there are more sophisticated statistical procedures, models providing 
the best R-values (or r?) were accepted and are given with their standard errors 
and standard errors as a percent of the W-means below each table. It should be 
noted that the reliability of equations, as indicated by standard errors, was better 
for total tree weights than for branch material. 

If weights for species not included in this study are desired, it may be 
possible to use values for a closely related species in terms of growth habit, wood 
density, etc. For example, four trees for each of several minor species, selected 
to span the dbh-range, indicated total weights of cucumbertree (Magnolia 
acuminata) and bigtooth aspen (Populus grandidentata) are approximated by 
yellow-poplar; and sweet birch (Betu/a /enta) by black cherry. 


FIELD ESTIMATES OF WEIGHT 


Weight estimates in the field can be made using the same basic techniques 
utilized for cubic-foot or board-foot volume determinations. An unrealistically 
simple example will be used to illustrate the procedures, much of which could be 
computerized. Assume we are interested in total dry weights of species A and B, 
and that those species occur in only two diameter classes, 5 and 10 inches, as 
follows: 


Total dry weight (Ibs.) 


Dbh Species A Species B 
5 100 125 
10 650 730 


IE, OTe > Fc 


a 


“spunod ul ase Z| O} | Sajqe} ul SiUBIAaN\, 


cl ECL 986° gevog: zAb0082 & =M WY 
L GL S66 295 /.¢-zaSaSa6 bv = M od 
el GvL 986° OTpz9:zG09l96'¢ =M H 
9 9 966° 80T6E"z 60960 =M dA 
6 601 L66° B11g6g zOVlEe6e & = M 09 
OL Lol 886° g6ors zA0ESv0 ¢c =M OM 
9 L8 966° ssoer'zd LL899°'7 =M OSs 
L 98 v66" Zeger zasa0Lee =M oa 
OL 6CcL 686" g5699°zU6VCL8'c =M OUN 
ueaUI-/j\ JO % spunod zu pasn uolenby saisedS 
40449 PABPUeS 
8L6E v6GE 8LCV LOLE 8LO0V VSL Ev6E LLBE LOLV OL 
E€EE €80€ CLOE 899C 8Sve 6LVE LLEE cOEE c96E GL 
vO8c LL9C VLOE EGC 8682 8L87¢ 0S8c L8Lc 96CE vl 
62EC G6LC L8vc 8881 86EC 8vETC L8Ec ELEC vOLC el 
9061 SL8L LLO? 6SS1 vS6L S881 O961L S681 v8LC cl 
ceGl 9LvL 0091 991 v9OSl v8vl 98S 9cS1 LEZ LL 
LOcL LLLL 9bCL 8001 92CcL CULL 8SCL vOocl CvEL OL 
Lé6 9L6 Sv6 v8Z 9€6 SS8 vL6 926 ELoL 6 
L69 €69 v69 L6S £69 619 LEZ L69 Ovl 8 
v6v vos 680 O€v c6V 6c 6cS 960 8LS L 
9EE OSE 9ZE L6c cee L8c €9E BEE eve 9 
EL? Lee c0c c6L 802 OZL CEC Glc LL? G 
cel cel ELL elt BLL c6 9EL cl OLL v 
6S L9 eG Lg 9S cv L9 09 vS € 
LZ 9¢ 8L Lc 0c vl GC cc 8L c 
Wu od H dA (o}s) OM OSs oa OUN (4!) uqq 
saisedS 


x 1461I9aM UIsasb 394} [210] 
Laiqel 


el 8L L836" 9zzog:zAlOElsl =M Wu 
L Sv v6 oeszr-zOlessac = M od 
cL L6 L386 o60zo'zO8Lees tL = M H 
L LE S66 zestg zAc6LL4S | =M dA 
6 G9 166 zyveg zAalOclc¢ =M (o}@) 
Ol cL 886 9600/:zG6L68c lL = M OM 
8 09 66° sveey cOeVLa9 c = M OS 
L os v66 voros zOL9avl c = M od 
LL 6L 886° 81659°zOVl689 Ll = M OUN 
ueal-/jy JO % spunod zu pasn uolenby selsads 
40149 PALPUeIS 
90¢c GSLC 69LC 9891 88EC GOEC LOE? OLE? v69C 9L 
OL8L cvsl SEET cevl 8202 9E6L 9961 S8sL 69¢c SL 
LOSL 6SS1L LS6L GOCL COLL LO9L LOOL 98S 1 8881 vl 
961 cOEL LO9L OOOL LLUL GLEL 98EL SLEL LGSL el 
9SOL cLOL COEL 8L8 cSLL O90L LULL 8ZOL eGCL cl 
Sv8 898 LEOL LG9 vc6 8E8 cc6 L£98 v66 LL 
c99 689 808 LIS 9CL 8v9 LEZ €89 CLL OL 
SOS ves ELg9 L6E 95S L8v G9S ScS €8S 6 
VLE LOV OS G6¢c cly vGE vcv L6E 9CV 8 
G9C 062 LLE LL¢ v6Cc Love 90€ 082 66C Ll 
6LL 002 CLC evl 66L e9OL OLZ O6L 86L 9 
CLL 8cl LEL 06 GCL OOL GEL LoL ccl G 
€9 GL eL cS LL GS 8L 69 L9 v 
O€ LE ve Gc ve Gc 6€ ve LE € 
LL vl cl 6 cl 8 vL cl LL c 
Wd Jd H dA (o}s) OM Os od OUN (ul) 4uag 
saizadS : 


‘yybiam Ajp 394} je0 1 
é Figel 


el L9 C86" 9999g°zO6LCL9 | =M WHY 
L Ov v66" voory za0ecve ¢ =M od 
vl G6 €86° zsy99°zGOLvvs | =M H 
9 62 966" osetg:zavooze' | = M dA 
6 09 686° pzzig ZaCeees | =M (038) 
LL G9 L86 zpvos zaovoc! |b =M OM 
8 cS £66 9gser'zAvv9v0 ¢ =M OS 
L cv v66 g0ztg‘zACS6Ee b =M od 
LL L9 886° ostos:zUCsloe t =M OUN 
Op Se es ee SS SL aaaade 
ueaw- jj JO % spunod zu pasn uonenb sais0dS 
4OAa PaepuejyS 
8v6L vv6L 960C Levi ev0c GAWA GLOc cvsl Oeec OL 
LSOL LO9L COL? ELCL LELL 8691 OLZL 99G1L LS6L Gl 
e8El vovl 6vZL1L 6LOL 6vvl 60VL 9vvL LLEL vc9Ol vl 
cvLt LLZLL Gevl 9v8 S6LL ESL e0cL e601 O&El el a 
LEG v96 O9LL L169 SL6 6c6 986 v68 LZOL cl 
vol 6ZL 026 GGG 6LL VEL v6L 6LL Lv8 LL 
€8G 8L9 CLL Lev OL9 L9G 9¢9 99S gS9 OL 
vv 8LU 6ES Gee G9V Lev C8 vev c6U 6 
8ce 8SE v6E 6c vvE OLe O9€ ECE 8S 8 
EE? 6S 9LCc 8ZL vve 9LC 857 LE? OSC L 
LSL 8ZL esl LoL v9L evl 9LL LoL GOL 9 
86 vit ell OL col L8 CLL 66 LOL G 
GS 99 c9 ev 8S 8v v9 LG GS v 
9¢ cf 62¢ Lc 8c (EG Le Le Gc € 
6 cl OL 8 OL L LL OL 8 c 
Fe rc eS Se er eS SS ee Oe = 
IY od H dA (o}9) OM Os od OUYN (ut) 4qg 
2 eS cari ee i lore ae ee ee SS — — 
saisedS 


a oaaomTTny_n_,_,sa_a rao" 


"yueq NOYIM YbIaMm Ap 924} [230 | 
€ 91qeL 


ear 


8 el 896" prstg zaccorc 0 =M WH 
OL 9 L86° zizoe zavevse 0 = M od 
cc LL 9€6° BLITE ZOCESE 0 = M H 
9L el LL6 o99ry-z8S98e 0 = M dA 
cl vl £86" oe6ge'z16668r'0 = M 09 
cl OL S86" 09689°z088E9l0=M OM 
6 6 L66° zesoz'zdS6S79 0 = M Os 
8 6 £66" oozor'zOLvs0r 0 =M od 
el vl C86" zzsgrzULl90V0=M OYUN 
ueaul-jy JO % spunog zu pesn uonjenbg se19edS 
40419 psepue}ys 
LSC OLc G9C (ALTA 6vE L8¢ c6C vle L9E 9L 
8Le L8L 8CC Glo 00€ 9ET €SC 6LE VLE Sl 
esl vSL v6L csl Gc 961 8LZ 69¢ 9c vl 
cGL O€L v9l cSL VLC LOL S8l vce Lc? EL 
GCL 801 9EL SCL LLL O€L SGI v8l L8L cl 
OOL 88 LLL LOL vol cOL 8cl 6vL 9 LL 
6L LZ 68 08 SLL 6L vol LLL OL OL 
09 9S OL c9 68 09 c8 L6 68 6 
Sv ev €S 9v 89 vv £9 89 L9 8 
ce LE 6€ ce 6 Oe Lv 6v 8v L 
co CC Le ec ve 0c ve ce ce 9 
vl vl 8 SL cc cl cc Lc Lc g 
8 6 LL 8 el L vL cl cl v 
v v 9 v L € L 9 9 € 
L c c c € L € c ¢c c 
Nd Ja H dA fo }e) OM OS og OYUN (U4!) uqd 
saisedsS 


"y4eq JO LUHIaM Aip 3a} je}0] 
V PIGeL 


9¢ 89 Les" Ce6e99'v + ~ALLvOO'C + L9VGO'0C = M WH 


6c c9 0c GZ40929'8 - ,Q8099¢'C + GLEL L6G = M od 
8 OcL Bes QcSS9L'L2 - ,QE6828'4 + LOEBEOLC = M H 
6E Lo 6E3" CLv9lLc'S8 - ~GGESL8'S + 98VL0'CGE = M dA 
LI cS SSo6" QE9Z1c'0S - ,A6v0C9'S + LESLO'GSL = M O09 
9L vv 656° Qvcegll 6y - ~AcSLtv1'S + CG00L O6l = M OM 
8L G9 cSo6 OLbLby'GS - -GL9L0E'9 + L68GL'clLC = M OS 
v2 v8 768" p9921:zac08se'l =M od 
O€ 60L 8v8" CLGLOS' ve - ,G9E68S'b + OVCLO'OLL = M OYUN 
UeALU- fj JO % spunog y pasn uoijenby soiseds 


JOAa paepueys 


809 LOS evol e6V Sc8 CLL Ov6 8L8 968 OL 
LvS 6E0 LL8 96E LOZ €09 008 LLZ 6ZL SL 
8LV C8E 9CL LLE 88S €0S €L9 cL9 0L9 vl 
6LV Oce L6S LES L8v VLD 85S LcG LLS el 
G9E c8C cLv 9LL 96E Gee 950 Lev L8v cl 
VLE 8EC 89 9C1 LLE 99¢ 99 c9E OOvV LL 
L9C 661 L8¢ 48 6c 80¢ 682 v6C 8cE OL 
vec GOL 602 Lo c6L O9L GCC VET 992 6 
98L GEL Sl 90 8vl ccl ELL L8L cle 8 
LSL OLL CLL eV ell v6 vEL GEL 891 L 
OcL 68 48 cs L6 LL LOL 46 cel 9 
6 el 62 eZ 6L OL 6 G9 LOL G 
Wd Ja H dA (o}9) OM Os og OUN (ut) uqq 
so1i90dS 


"sayouesq JO }YybiaM Usass) 
G 9Iqe1 


ee 


a 


62 Lv c6L €8999'0 - G9cZ81'S + ,A9V8E6 0 = M Wd 
6c GE LLS GcO09ZL9'l - ,d8S6L0'l + LE68v'0c = M oa 
8e 8Z cvs 66986 1S - ,GSSS9E'S + L689l L6L = M H 
LS 8& cel CGLL680°SE - ,G68S6r'c + CVLE6C Stl = M dA 
QL 6c L196" G9c0Lc 0 - ,GOELGE'E + CCLOC CLL =M (o}8) 
9c Lv c06 CG9ZE6S'8E - -Gv8Lcv'e + OLVLL ESL =M OM 
0c vv eve CvLlcL GE - -G8vVE9L'v + 8SC60'CS1 = M OS 
9c vS 888° G90SZ8'Lc - ,G96EEV'E + EGGGL' LOL = M Od 
O€ 99 Svs GLOvry9o'vl - ,OvEESLc + Cv8E9'99 = M OYUN 
uealw-/\\ JO % spunod Y pasn uonenby selsedS 


4O41@ psepuezs 


CE OLZ S89 Vcc 987 ELV v8sS Ges Leg OL 
882 8E7C vLS csl CLV 9vE v6 9S 997 Sl 
9SC 602 CLV vol GvE G8 ELV S8e LOV vl 
GCC L8L E8e CLL G8c LES Ove OcE Cre El 
L6L 9SL vOe 8 cE? vsl 9LC c9C L8Cé cl 
OZLL El 9ETC c9 S8L evl AA LL?e 6EC LL 
Gvl CLL 8ZL Sv Stl OLL CLL 991 96L OL 
ccL 6 LEL ce LLL €8 cel 6cL 8SL 6 
LOL QL G6 Gc 8 v9 LOL 66 9C1L 8 
c8 c9 69 Ec G9 LS 8L GL 66 L 
v9 60 vS 9¢ LG SUV v9 8S 8Z 9 
6 6€ 10}; ee Sv 9 8S 8 c9 G 
NY oa H dA (of) OM Os fot: OUN (ut) uqaqg 
saisedS 


» 


“sayouesq jo ybiam Aig 
9 914e) 


5 a 


Of Ge 6LL GEEL69'v + -AbSSvL 0 + GOOLE'0=M We 


O€ Le €08° GOZ9SL'L - ,GZLL26°0 + GSLYS'OL = M od 

ge L9 898" QL8ZL9'6b - j~GG6LZ8L'v + 68VcL'69l = M H 

8v 62 e9L° OZ61L8S Le - ,GegeL Lo + 8C6G8' CEL = M dA 

vi Oc L9G GLSLb9'6L - ,Gv080r'e + 9LVIL CL = M 09 

62 Ge c88" AEetvv0'cE - ,ASLVIL'C + GYOLO'OEL = M OM 

eC cv SCO GLZ6ZO'LE - ,dZ8EGE'E + GEILC'BLL = M OS 

KG Sv c83" QE0ZLE 7 - {087908 + GICLE'GS = M od 

(33, 6S 918" GSOLvz'8 - ,GGLOvV0'? + VCCBT GE = M OUN 
ee 
ueaU-j\j JO % spunod Y pasn uonenby se190dS 


JOA9 paepueys 


997 Gece 66S vsL OLE GCE O08 Ofv O&Vv OL 

6E7c 802 LOS 8vl Le LLo LOv 99E GLE GL 

CLC csl Clv LU OLC Ee Lve 80€ vce vl 

L8L 8S1L Cee 68 GCC L8L C8C 9S¢ LLe el 2 

VOL 9EL C9 L49 vst vol 6c 602 VETS cl 

ctl OLL COZ 8v 6vL cll esl 89L 961 LL 

col 86 LSL ve LLL 98 evl cel LOL OL 

col ts} OLL Gc L6 99 LLL col O€l 6 

98 L9 82 6L OL LS 98 BL vOL 8 

OL vS 9S 8L €G Lv G9 6S c8 L 

GS ev vv (46 cv Le eg 9v £9 9 

cv ve Lv 62 Ge 6E Lv 6E 6v G 
Sa 

IY od H dA O09 OM OSs od OUN (41) uqq 
oe SS SS eee ee 

saiveds 


Eee nnn 


"yueq FNOYLIM sayouesq Jo JybIaM Aig 
£aqel 


6C L oes 889260 - Gv668r'0 + ~Gc6c610=M WY 


8c v cc8 Oc861G0- ,GLvcGl0 + 9LLVEE = M or: 
8g Lt 663° z6t6y1A8c8vs'0 = M H 
9v L 88L" i 36516 1COS0vl 0 =M dA 
Le OL yoo O88892'0l - ,GvcSv60 + O0COE' OV = M (o}8) 
CC L 9&6 Ge060S'9 - -G60E99'0 + LcvOLecC = M OM 
vc 6 0c CE6L69'8 - ,G99G18'0 + 6GG28'ce = M OS 
vc OL yoo Qe0e0S'v - ,0898¢9'0 + bceevy 91 = M Od 
Sc OL 868" a96c0v'9 - ,d6SC1L0 + 8L9vVE LE = M OYUN 
ueal-/\\ JO % spunog YW pasn uonenby seiseds 


40442 paepueys 


9S GE eS 6c OLL 88 vOL SOL LOL OL 
0S 10} 8 Gc L6 vL 48 06 c6 SL 
vv Le cv cc GL L9 cL LL LL vl 
8é eC 6E 6L 09 0S 6S v9 g9 EL 
c€ . 02 GE OL Lv Ov Lv eG eG cl 
8é ‘LL oe vl 9E Le LE ev cv LL 
eC vl 9c cl Le ve 6c vE ge OL 
6L cl (Zé 6 0c SL cc Le Le 6 
SL OL 6L 8 SL el LL Lc cc 8 
cl 8 Sl 9 LL OL el OL Ll L 
6 9 cl v OL 8 LL cl SL 9 
9 G 6 € OL L LL OL el G 
Wd oa H dA (o}e) OM Os o€a OYUN (ul) ugg 
saisadS 


"y4ueq youeig JO 1YyBiam Aig 
8 agel 


10 


ene A Na se 9 eee wa ee ae a 


el cEL 6L6 QSZZL1 902 - ,GLELLO'GC + CHL LOv6ZL =M Wd 


6 SOL L86° Q98Lrr 18 - zO6SL6e°91 + €LyTL' TIL =M od 

LL LLL 696° perez eGes6av 0 = M H 

vl LGL LLO a98G0L°4g - ,GS98LC vl + BCGES'CS = M dA 

8 c8 c66° LOL9OG'E - GLEGLO LD - zO9slol vl =M 09 

A Lel e86° vG8G6 8S - GL69VL GE - zdclevi vl =M OM 

cl 9EL 6L6 GLEGZ7LG - ~ALES8r' VL + 96GCC'BOL = M Os 

6 vOL G86 Av2vv6'srl - ,G89Z9L'8l + EVILS LEV = M Od 

6 801 886° AS9LL9'¥9- ,AL8LOG'SL + 8461088 = M OYUN 

a eg eee ee eS a eee 
uedUU-/\\ JO % spunod zu pasn uolzenby sai90dS 


40142 PAepues 


CLvE L90€ 9CCV G8Lc OS6C 0662 LOGZ 6162 vCLE OL 
v98C Of9Cc 8vvE (00) 74 vSGc L89¢ 6052 98vC 969 GL 
89ETC 9ETCC Lvlce vv0c 98LCc ELS 9VLC L60C OOETC vl 
ccél GL8L cSGLC OLLI 9v8L 9981 cll cell Se6L el 
8cSl LvSL eGOL 9LVL Gesl 6vSL 80S1 ELvL cool cl 
G8LL LGCL LvCcL OVLL cSCL 6SCL CECL OELL LOEL LL 
£68 886 L406 v06 966 866 S86 $88 cecol OL 
€G9 8SZL Lv9 069 692 GOL LOL LL9 v6L 6 
v9v L9S GEV S0S LLS 09S 82S L£0S 68S 8 
9cE 96E 082 6vE OO0vV vse LLY GLE GLV L 
6EC v9c 891 Lo? 8S 9EC 982 082d Le 9 
£02 SOL c6 LoL vvl OLL vsl CCC cOl S 
ee Ee 
Wd 0d H dA Oo OM Os od OYUN (ut) 4ag 
i ie Fee ee SS ee 
sai9edsS 


eee SS S0O0—0O0#>"8———WNWwNm@m 


“qop youl-p e 0} 1Yybiam usa15 
6 719e1 


11 


1 eee eee 


vl 
LL 
SL 
OL 
OL 
8 

LL 
6 

LL 


8Z 


916 OCC889 8c - zOvaves el + GLLLE COV =M WY 
C86" LOCOV'E - GOLEVI LC - 2d LZ£660°8 = M od 
CLO OLT az eUCEs0E 0 =M H 
v9 GEL6vEe LE - 2d LOGL6'L + 629VC EG =M dA 
€86 oozzg zA68elé |b =M 0}0) 
686° Z6LzZ9°ZAVaEve | =M OM 
6L6° zogtgzA0Evoe | =M Os 
L86° G09v11'88 - zOLlLS98 OL + 97960 €6C = M Od 
v86 QSE8SV CE - 209951388 + QO900L'EE=M OYUN 
Te ar SS a ee ee ee ee ee 
zu pasn uonenby seisedS 
c8vl 6981 SL8L cvsl G99L LZZL OL 
vLZEL 88SL ceGl 9SSL OLvl OESl Gt 
c80l VEEL 8LCeL 6621 68LL LOEL vl 
S06 LOLL cSOL OZLOL v86 LOLL el 
GvL vO6 cS58 898 008 EL6 cl 
009 9CL 8L9 L69 69 evl LL 
LLV LLS 8éS 6ES 667 06S OL 
8SEe 8EV O00vV 607 O8e SSV 6 
LOC GCE v6 LOE v8c 8eEe 8 
O8l CES L0Z Cl? 602 8EC L 
vLL LSL SEL cv QSL 9GL 9 
v9 66 G8 88 vel L6 G 


ueaU-j JO % spunog 
JOAla paepueis 

L88L CELL 8SLc 
98S1 cost LETTS 
VLEL 88cl 6ZLL 
6901 L6OL S6EL 
LG8 606 E€LOL 
c99 vol 908 
00s 6S 06S 
99E cov LLY 
69¢ QE v8c 
OsL Svc esl 
6CL LOL OLL 
SOL £6 LQ 


04 


Se eee 


saiv0dS 


( 


‘ul) uqg 


eee 


‘qop youl-p e 0} }ybiIam Aig 
OL 21981 


12 


vL 69 9L6 CG6C6VE GOL - ~G9CGVO'CL + LEBEL 9EE=M Wd 


LL G9 L186 60899 Ez - zOcs0l9z + 6GCOL LL =M od 
Li LOL OL zerze eG0recc 0 = M H 
OL GL 996° Ac9rvso' ly - ~Acaslez + 8L10808 = M dA 
OL 8S S86" A90CLO'E - zO08Se3°4 + yE9V0'V9 = M 10}8) 
8 6 686 poseg*zG96c07 | = M OM 
cl 89 8L6 98/79°z088190 tL =M OS 
6 LV L86 CG9LOLI LZ - ,GLC666'8 + C6CES LET = M od 
cl 99 186 QL696G'€Z - zO090er's + O€C8S'9 = M OYUN 
uedaLU- jj JO % spunod y pasn uonenby saizedS 


40442 paepueys 


LLOL L8SL CLGC L8cL QLSL 9091 ecOL 86EL LESl 91 
LOvL 69EL 8902 COLL 80E1 8SEL 89EL O6LL GCEL GL 
LOLL LZLL 6E9L cee GLLL GELL OvLL OOOL CELL vl 
LG6 066 9LCL QLL 8&6 LE6 LE6 8c8 956 el 
6SZ2 C8 vL6 vE9 LLL LOZ 8SZL vL9 f6ZL cl 
L6S cL9 9cL 80S Leg L409 A0}<) 6€S 909 LL 
8vv 9€S LCG 96€ c0S vLY 890 Lev vLS OL 
8ce SLU 69 86¢ L8€ LOE vSE LCE 96€ 6 
fC 60€ 8c 9LCc 68¢ 99¢ 6S 6E7c 6c 8 
cOL 8LCc 8SL 8vL 902 881 cst GLL 90¢ L 
vLL evi v6 v6 SEL 9cL LoL 6cL cel 9 
L6 €8 LG GS 48 82 GL LOL vl G 
INd 04d H dA [o}@) OM OSs od OYUN (ul) 4qq 
saizads 


"qop yaul-p e 0} 44eq YNOYIWM IYybIam Aig 
LL 9IqeL 


13 


a ee ee oe ee 


8L LL G96" GO99ET GI - ,GEZZEL'L + GEGBE'GI = M WY 


vL 6 096" G9v0G yl - QEeregc + zG0688t 0 =M od 

eC vl vee grosg'zAc6LeEl 0 =M H 

6L 91 6&6" 6vGGG'Lc - GO6vEE V+ zG0lZ6S°0 =M dA 

el el LL6 goozy za99vle 0 =M (o}@) 

vl OL OLE orsee zose!900 =M OM 

el LL - LIE zsztpzae9eLe 0 =M OS 

LL LL 186 GEsEeoo' Lt - ,d9G99s'L + vVGEIT LO=M od 

8L OL cco G6EL98'8 - ,d90G8E'L + O€8lLG 9c =M OYUN 

Se a eae 
ueaLU-/\\ JO % spunod Y pasn uonjenby seiseds 


40119 PABPUCLS 


9LC LSL 80¢ S6L 69¢ Cle 6LC L9¢ 6E7 OL 

OsL cEl 9LL cll Lcc SLL Z8L 9¢C¢ G0Zd SL 

Lvl LLL 9vL OSL L8L evl 6SL 681 vLl vl 

SLL LOL OL OfL 9SL GLL cel 9S1 Gv el 

6 98 46 OLL 6cL L6 601 9CL OcL cl 

LZ cL LL c6 vol OL 68 OOL 46 LL 

cS 09 09 9L €8 eG OL 8Z 9L OL 

Le 8 Sv 09 v9 6€ SS 6S 6S 6 

9c Le ce Sv 8v 8é Lv GV vv 8 

6L Lc 1x4 ce Ge 6L oe ve ce L 

vl SL SL 0c ve cl Lo 9¢ ec 9 

vl OL 6 6 SL L el ec ZL G 
Ce eee SS SS = 

Wd 0a H dA (o}e) OM Os oa OYUN (ul) yag 
Be ee ee 

saisedS 


eee SSSSORoaoaw—w—_<«nmn¢ wow ' 


“qop youl-p e 0} yAeq JO LYyHIaMm Aiq 
cb eigel 


14 


Weight Estimates When Marking Timber 


Weight estimates are easily derived when each tree to be harvested is visited 
and marked with paint. A tally of the number of trees by species and diameter is 
made. For example: 


Number of trees 


Dbh Species A Species B 
5 Dia Ex 
10 mis Bd : 
Weight estimates are: 
Dbh Species A Species B Totals 
5 (23) (100)'= 2300 (24) (125) = 2625 4 4925 
10 (5) (650) = 3250 (12) (730) =8760 12010 


Totals 5550 11385 |16935 


Our total weight estimate is 16935 pounds, and, as each member of the 
population of interest has been measured, there is no sampling error in the 
statistical sense. 


Weight Estimates Using Fixed-Area Plots 


If cruising is done using fixed-area plots, a separate tally of trees by species 
and diameter class is made at each plot. Suppose the following data are collected 
on 1/10-acre plots: 

Number of trees 


Plot Dbh Species A Species B 
we 5 al ne 
10 se es 
2 5 
10 
3 5 : 
10 4 6 
4 5 : : 
10 o ¢@ 


15) 


Weight estimates for plots are: 
Plot Dbh Species A Species B Totals 
1 5 (6) (100) = 600 (2) (125) = 250 850 
2230 
10 (1) (650) = 650 (1) (730) = 730 1380 
2 eS = a @ 
3 5 (1) (100) = 100 = 100 
3020 
10 = (4) (730) = 2920 2920 
4 5 (1) (100) = 100 CI RG25) aah 5 225 
1525 
10 (2) (650) = 1300 — 1300 
Totals 2750 4025 (6775 
Average per-acre estimates are: 
Dbh Species A Species B Total 
5 i) 8004-1002100} 2000 io)| 2808125] = 937.5 2937.5 
10 (10)| $801300 | = 4875 in0)| 79022020]. 9125 14000 


10062.5 |16937.5 


The average 1/10-acre estimate is 6775/4 = 1694 pounds. The standard 
error (Sz) for that estimate is: 


} 
Sy = | >x2 - (=X)2/n 
n (n-1) 


Totals 6875 


where: X = weight estimate for a given plot 
n = number of plots 
Therefore: 


S- = / (2230)? + (0)? + ae et (1525)? - (6775)7/4 _ 642 


Expressed as a percent of the mean, our sampling error Is: 


642 
on} WUCO) = Seo 
1694 
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On an acre basis, our weight estimate is: 


(10) (1694 + 642) = 16940 + 6420 pounds 
or 16940 + 38% 

About two in three times we expect the true population mean to be within 
these limits. Limits are doubled for a 19 in 20 chance or tripled for a 99 in 100 
chance. The usual assumptions of random sampling are made here, of course. 

Weight Estimates Using Point Samples 


If point sampling (BAF=10) is to be used, weights in the basic table are 
multiplied by the appropriate conversion factors (see Kulow 1965), as follows: 


Total dry weight (Ibs.) per acre per in-tree? 


Dbh Species A Species B 
5 (73.34) (100) = 7334 (73.34) (125) = 9168 
10 (18.34) (650) = 11921 (18.34) (730) = 13388 


The following data are collected: 


Number of in-trees 


Point Dbh Species A Species B 
1 5 on : 
10 
2 5 
10 
3 5 it 
10 e e 
4 5 ie 
10 


TT oa 


2 An “in-tree’”’ is a tree selected as “in” with a prism or similar instrument. 


U7 


Weight estimates per acre for points are: 


Point Dbh Species A Species B Totals 


1 5 (2) (7334) = 14668 (1) (9168)= 9168 23836 j 
49145 
10 (1) (11921) = 11921 (1) (13388) = 13388 25309 


. |. 


3 5 — — 
53552, 
10 — (4) (13388) = 53552 53552 
4 5 (5) (7334) = 36670 — 36670 
36670 
10 — — | 
| 
aia 63259 76108 (30565 
Average per-acre estimates are: 
Dbh Species A Species B Totals” 
5 14668+ 36670) _ 19935 ae = 2292 15127 
4 4 
10 fees = 2980 {ag osbbal = 16735 19715 
4 4 ee 
Totals 15815 19027 [34842 : 


The average per-acre estimate is 34842 pounds. The standard error is: 


_ | (49145)? + (0)? + (53552)? + (36670)? - (139367)2/4 
4 (4-1) 


S 


x 
= 121152 


Sampling error, as a percent, is: 


12152 | 
| (100) = 35% | 


34842 


Weight Estimates Using Point and 3P Sampling 


Much time can be saved in the field by combining 3P and point sampling. 
Again, we will assume BAF=10. Before the cruise, determine: 
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(1) the number of point samples desired. This can be done statistically 
(see Wiant 1976), but in most situations will be at least 30 and not 
more than 100. 


(2) the number of 3P sample points needed for the desired accuracy. 
Wiant (1976) provides a formula for a statistical determination, 
but 15 to 20 should suffice in most cases. 


(3) the approximate sum of basal areas (= KPI) expected at the point 
samples. For example, if you assume point samples will average 40 
square feet of basal area, and you plan to have 100 point samples: 

= KPI = (40) (100) = 4000 


Develop a list of random numbers, one for each point sample, from 1 
through KZ, where: 
=KPI 


number of 3P samples desired 
lf 20, 3P samples are desired: 


Kz = 4000 
20 


= 200 


In the field, record the number of in-trees by species on a point sample. 
Then, total the number of in-trees and multiply by 10 to obtain the per-acre 
basal area estimate for that point sample. 

If that basal area is less than the random number for that point sample, go 
the next point. If that basal area equals or exceeds the random number for that 
point, measure the dbh of each in-tree. 

After field work is completed, calculate: 


(1) the ratio of per-acre weight (Y) at each 3P point sample to the 
basal area at that point sample, or Y/KPI. 


(2) the total per-acre volume estimate, which equals the average basal 
area on all point samples times the average Y/KPI-ratio. That ratio 
times the average basal area for a given species provides a per-acre 
weight estimate for that species; however, if there are sufficient 
data, an average Y/KPI-ratio should be calculated for the individual 
species to provide a better estimate. 

(3) the approximate sampling error, which includes that due to the 
point samples and that related to 3P, plus a covariance term which 
will be ignored in this paper as is usually done in practice. 
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As an illustration of calculations, the example in the previous section will be 
used: 


DKPI 
Point Randomno. Species A Species B Total a Y/KPI 
1 23 30 20 50 49145 983 
2 11 0 0 0 — = 
$3 8 0 40 40 53552 Talso9 
4 64 50 0 50 — = 
Total 80 60 140 2322 
Average 20 15 35 1161 


Total per-acre weight = (35) (1161) = 40635 
Species A per-acre weight = (20) (1161) = 23220 


If there were sufficient data, a better estimate for Species A is obtained by 
calculating its own average Y/KPI-ratio, as: 


Point KPI Y Y/KPI 
1 30 26589 886 
Average 886 


Per-acre weight = (20) (886) = 17720 
Species B per-acre weight = (15) (1161) = 17415 


Again, a better estimate for species B is: 


Point KPI Y Y/KPI 
1 20 22556 1128 
6} 40 53552 1339 
Average 1234 


Per-acre weight = (15) (1234) = 18510 
When separate Y/KPl-ratios are calculated for the different species for 
weight estimates, the sums of per-acre weight estimates for all species may not 
equal the total per-acre estimate, but the difference should be minor. 
The standard error for point samples is based on basal area values: 


_ /|(50)? + (0)? + (40)? + (50)? - (140)2/4 
4 (4-1) 


S 


x 
=11.9 


20 


_ = (100) 


The standard error for 3P samples is based on the Y/KPI-ratios: 


_ /(983)2 + (1339)? - (2322)2/2 
2 (2-1) 


SX 
= 178 


The sampling error as a percent for the cruise 


Se for point samples] 2 Sx for Y/KPI-ratios]? 
Le ee Se ee ae ae 
average basal area average Y/KPI-ratio 


| 2 2 
= (100) ino]? . fa78 
35 1161 


= 37% 


The per-acre weight estimate is, then, 40635 + 37%. 


Tables 13 to 24 are provided for point sample estimates using these 


' techniques (BAF=10). 


Computerized Approach 


As Lenhart et a/. (1973) point out, formulae, such as those in tables 1 to 
12, can be modified for computerized applications. Using the one for total tree 
green weight for northern red oak as an example: 


W = 2.87249D7-°°°°° 


| which is divided by 0.00545415D°, the basal area (BA) in square feet for a 


diameter class, expressed in inches: 


Ww DST2ZAID a Cee 
0.00545415D2 0.00545415D? 
giving: 
W/BA = 526.66135D°-°°?°8 


Suppose a single point sample tally (BAF=10) of northern red oak is as 
follows: 


No. in-trees 
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Using Table 13, the per-acre total tree green weight estimate is: 
Dbh Per-acre weight 


5 (2) (15472) = 30944 
6 (3) (17481) = 52443 
7 (1) (19382) = 19382 


Total 102769 
Using the formula approach, W/BA is calculated for each tree, summed, and 
multiplied by the BAF, as follows: 
W/BA = [526.66135(5)°-°°?°8] (2) = 3094.4 
= [526.66135(6)°-°°9°°] (3) = 5244.3 
= [526.66135(7)°-©°?58] (1) = 1938.2 


10276.9 
(BAF=10) (10276.9) = 102769 pounds per acre, the same answer obtained using 
Table 13. 
In actual practice, in-trees should be measured to the nearest tenth inch. 
Equations of the form exemplified by the green weight of branches for 
northern-red oak are modified as follows: 
W = 116.07240 + 4.58936D? - 24.66151D 


W/BA = 116.07240 is 4.58936D2 _24.66151D 
0.00545415D2 + 0.00545415D? 0.00545415D2 
= 21281.48291D + 841.44367 - 4521.60465D°! 
A simpler method for BAF=10 is to multiply equations given in tables 1 to 
12 by 1833.46495 to obtain per-acre estimates. The per-acre total green weight 
for a 7-inch northern rad oak, for example, is: 
1833.46495 [2.87249(7)2-66958] 
(7)? 


19382 


W per acre = 


This procedure was used to produce tables 13 to 24. 


Combined Equations for Red and White Oaks 


Data for the red oaks (northern red oak, black oak, and scarlet oak) and 
white oaks (white oak and chestnut oak) were combined to yield equations 
shown in Table 25. Foresters wishing to tally oaks in these two groups rather 
than by species will find these equations useful and can develop local or point 
sampling weight tables using the procedures previously discussed. 


22 


*‘spunod ul aie ~Z 01 E] $ajqe. ul SLYHIa\, 


L908¢ EvLgc Ovg90e OLCcC 802672 OSL6c2 Lvcse 99LLE CLLEE 9L 
COLLC 92 LGC Ofv6e 9G9LC 9LL8C OSE8C LObLE vO69C 987CE Sl 
€€79C e8vvce 06182 O80LZ2 CLLLE 9269 €999¢ ELO9c 6C80€ vl 
LLES¢ LL8ec 9L69C 8Lv0C vlLog7~ 9LbSC 9728SC 880SC QEE6TS el 
LLcev~e 9OLET vO9SC Lvs6l 8L8b~ L66EC LG6vC~ LOLVS GO8L2 cL 
627ET E9ETTS LGCvC Es8leL OOLET L80C7 ee0ve ETLETS CETIT LL 
BELCC LLGILC LG8c7c L8v8L eLvcc cv60C L90€¢C CLOT OLOvC OL 
£6602 6€L0C 96ELC GELLL OGLLC LSE6L vv0cc §9602¢ VEGBCTC 6 
c8L6L cv86L O886L 9E69L €vsel 9CLLL vS602 €6Z6L VELL? 8 
e6vsl LZ88L O6C8L GLOSL 8Lv8L vvool €8Z6l vvssl C8E6L L 
OLLZL OL8ZL ELOOL VELSL LOGSL 66CVL ELG8L 66LZL L8vZt 9 
LO9SL LE9OL 9281 e601 L9OCGL 8LUCL GLLZL vELsl CLVGL G 
9VG6EL v6cSL 66821 GL6CL O8vEL c9SOL LvSSlL OLLVL GCEEL v 
c90CL LeELel 6LLOL LVSLL c8VLt 02S8 9ELEL O9CCL O6601L € 
LE86 B8ZLL 698 8786 8S1L6 v6c9 GescLlt 85001 LLE8 c 
Ce eee eee ee ee ee 
Wu od H dA Oo OM Os od OYUN cur) ug 
a ee ee 
seisedsS 


——— Eee. 


x (OL=4Vq) 9043-u! Jad a49e Jad 2Yyb1aM Udadb 994} [210 1, 
EL age 1 


23 


8ECSL ELOSL LGOGL 6LIOLL 9cS9L GLLGL SLOOL C9ESL 88r8l Gl 
6S9V1L 6LSvL cScsl LZCLL 8c6S1 LEOGl 6ESGl 8esvrl 999ZLL vl 
o90vl LeLvl LEvLt 6v80L 60ESL OLCcrl LvOSl G6CVL ec89L El 
CUVEL VS9EL 9891 LLVOL 899vl L6vVEL ccGvl LELZeL LS6S1L cl 
O08cl SSLEL VLLSL vS66 coovl E69CL LL6EL EVLel L90S1 LL 
CELCL GEOL LLSvL LLv6 9OCEL EL8LL COvEL 8CGCL 6VLvVL OL 
vEVLL c80cL ELB8EL 9/68 8LSCL LCOLL L6LCL L88LL 66LEL 6 
LOZOL L6VLL G68ClL 8vvs LLSLL vSLOL LGLCL S6LLL CLOCL 8 
LC66 LS80L 698LL 9882 L660L 9v7c6 6SVLL OLVOL C8LLL L 
cOL6 S9LOL S8ZOL V8CL LCLoL 6628 80Z0L 6896 LOLOL 9 
9Lc8 6016 LE96 LE99 L816 VOEL v886 0vss 9568 G 
LvcLl LSG8 S88 OL6S vSL8 9729 0968 LOGL OEZLZL v 
G9OLO CLGL ELOL 960S c669 SOLS 9682 LE89 €6E9 € 
8067 ELE9 cSvS GELV Oe9S CV8E L099 GLGG e680 c 
zit tet ae eS a eee ee ee ee 
Wd od H dA oj) OM Os ot: | OUN (ul!) 4uqq 
co ee Se ee a te eee ee ee 
saizedS 


ee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeSeeeeee———————————————————————————————_—_—_—__—_—_ LEE 


"(OL=4V@) 9243-u! Jad aide sad yYybIam Ajp 204} [e301 
VL gel 


24 


€G6EL GC6EL 9L8LL 6LCOL Geovl v8vrl Levvl LGLEL 88991 OL 
LSvEL GEGEL QCLLL 2886 vOLtvL Ovsel 986EL COLL OS6S1L Gl 
E6CL LELEL 8GE9L vEs6 8SGEL E8LEL GCSEL 6LECL 96LSL vL 
66ECL 6OLCL CLGGL vLL6 G66CL ELGCL 9VOEL LO8LL 9CvvL EL 
8r8Ll OLCCL 99LVL 0088 vLvcl LC8ll 6vSCL V8ELL 6E9EL cl 
QLCLL 60811 9EGEL LLv8 LL8LL voLLt 62OCL 8880L LE8cl LL 
L890L VCELL L80EL S008 V8LLL LOvOL S8vLL OLEOL LOOCcL Ol 
o9001L LL8OL 96LCL 6LSL 6c2SOL L996 cL6OL GZ86 OVLLL 6 
8016 S9COL BLCLL 6CLL €v86 8888 SOECOL 0SZ6 c9COL 8 
0cL8 6296 LCeOL Lg99 6LL6 0608 8996 6£98 SvVEe6 L 
8862 vv06 9LE6 6EL9 6vE8 8S9CL L968 E864 L8€8 9 
LOL LVE8 £928 v8SS CCGL E89 LOc8 LLCL O8eZ G 
Eveg 99GZL GLLL €L6v 0c99 SSvS 8SEL 98179 LLE9 v 
98ES L999 LL8S €8ev GLOG vSvV 66E9 86SS LGLS € 
LLev LLSS 680 69VE eSvV LvEEe vSCS 8VSV L88e c 
Bc oe ee a 
Wd oa H dA (oj) OM Os oa OUN (“uly uqg 
Se eee ee ee 
sai90dS 


a: :0€0@€@swj{j\wwwa—=>"rovm" 


*(OL=43VG) 9243-u! Jad a19e Jad 44eq YNOYWM YyGiam Asp 394} [e301 
Gb 7i9geL 


25 


6ZL1L cLvl LG8L GSLL Cvvc vc6l g90¢ 86SC GGGc Gl 
QLZL cbvl LL8L COLL L8ec GES8L 9E0C 9LGC 9LvCc vl 
cG9OL OLvL 9LLL 9v9L LLES voll S002 Leve V6EC el 
S8SL QLEL CELL 88SL 6VC7~ LGOL eZ6L EvEC 80€c cl 
QLSL LVEL 9891 8cSl 8LLC SSSL Se6l LGcc 8LCéCc LL 
cvvl cOEL 9E9SL v9vl EOLC LSvl OO6L vSLCe vCLe OL 
L9OEL c9Cl 8c L6EL ZAWA GGSEL o98sl cS07 Gc0c 6 
98CL SLCL 9cS1 GCEL 9E6L OSCL GL8L Cv6L 6L6L 8 
LOCL OLLL vOvL 6vcl evsl LvLl 99ZLL Le8l 9081 L 
60LL OLLL G6EL 99LL Lvcl 9cOL LLZL LOZL e89l 9 
OLOL 9501 SLEL vLOL 8c9L 906 8v9L v9OSL 6vSL G 
006 886 O€Ccl cL6 66tL LLL vLSL LLvL oovl v 
9LL S06 voll G58 8vEeL 8&9 v8vl Geel 8ccL € 
09 L08 L66 VILL O9LL 8 G9EL vcoL LZOL c 

Se eee eee eee eee ee ee ee ee 

WY 0a H dA 09 OM OSs og OUN (ut) uag 

saiseds 


eee eee ee eee 
—_——— a ————————————_ IEEE 


‘(OL=4Vq) 2943-1 Jad aioe sad y4eq 40 }YHIaM Asp 3a} [210] 
OL PI9eL 


26 


€GEV 88S LLbd 6cCSE 806S cOLG GeL9 898S Ocv9 OL 
80b0 L8S¢e bold GCCcE cLLs OL6V AShS) c6LS 9vE9 SL 
eLbov LLGE L6L9 9062 c0SS GOLvV v6c9 CCLG LLc9 vl 
OSS 82S LLv9 €LGC 08¢S 680 €S09 89S 96L9 el 
cv9v 88S L009 Gece Lv0S ALTA c08S 8955 vcL9 cl 
9SLV CLOE L8SS €O6L 8087 ceov LvSs €80S £909 LL 
L68v 9S99& GUVLS €09L vVLSv 808 00€S c6ES LZO9 OL 
6240S GeZe velv L8EL LOEV ELOE §80S c6CS 8L09 6 
BLES LL8€ 69Eb 82EL 8CCV O6vE cS6v €8LS 8809 8 
99S 80Lv v6LV 929L Lvcv 62GE €00S €90S 8629 L 
LcLO LES eSvv €99C LL9v 826 LSbS Le6v 0629 9 
5989 O€ES 6S2S Sves L6ZS 6vLS 9E89 OLLYV v88Z G 
INY od H dA Oo OM OSs og OUN (uty) uqq 
saiseds 


*(OL=4AVQ) 9943-ul 4ad a49e sad sayduesq yO 1YyYbIaM UVads 


ZL age 


27 


OSEC Lv6L vLOV 6LUL 6SEE 9L8C 6c0V 8LLE LO8e SL 
G6EC cS6L Scrv 6VEL OEE €99¢ G98E LOSE vSLe vl 
9vvCc S96L 9SLV VILCL €60€ vOSZe E69E 69VE 90ZLE el 
9052 v86L OL8E 8Z0L 6v6C 8EEC CLGE CEE 699 cl 
LLGC OLO? 69S ve 008¢ ELLE 6CEE CBLE LL9E LL 
L99¢ 8v0C LOCE Sc8s €G9C LL0Zd OSLE LSOE S8SE OL 
G9LC cOLe €96C 6EZL 6LSC 0681 S66¢ Lc6C ELGE 6 
v68C C8Le CLLE GCL EcvC 8csL 868C eC8C LO9E 8 
850 LOEC 88S¢ 098 LlLvc 8061 ce6C cO8c 90LE L 
LLEE LLG? LLLC GOEL cL9C €677C eGce 0962 LOGE 9 
c8Se L98C v69E 8Evc 8LCE LOSE CECV LEGEe S9SV g 
IS eee ee ne eee eee eee EE ae 
Wd og H dA {o}s) OM Os og OYUN (ut) ugg 
Sn ee eS ne ee 
sai9edS 


eee — eee 


"(OL=4Vg) 2243-u! Jad aise sad sayauesq yo pYbIam Aig 
SL eqeL 


28 


8061 9891 €6CV OLEL c69C 8ZES Ovre 9L0€ 6L0€ OL 
vvG6L e691 L80v 9021 vL9oc CLEC OCEE C86 SSO€ GL 
986L COLL CS8E O60L O€Sc 6802 LOLE L88Zz O£0€E vl 
EEOC OLLI GO9E LL6 Lvvc O961L GGOE ELLT 900€ El 
680¢ VELL LVee 0S8 Lvec 8c8L ELEC 6S9¢ €86C cl 
GGLZ 8SZLL L90€ Eel OSC 8691 69LC OvSc €96C LL 
GETS L6ZL VLLCE 629 vSLEe 8ZSL RASTA CCVC LG6Zc OL 
CEET 6E8L C6UC LSGG 9902 v8vl vOSC ELETS cS6C 6 
vSve 6061 Lvcce cSG c00c OSvL vcve LECT 6L62 8 
LLOC 9LOC 60LZ €89 S66L LUSL Gv VLE ES0E L 
Lo8¢ 6812 VETS 6601 LLL? 8681 889¢ OVET GCCE 9 
LLLE 680C cOOE 9VLC OvSC €S8¢ LUVE O€8z LO9E G 
IY od H dA 109) OM OS og OYUN (ut) uqq 
saisads 


*(OL=4VWG) 9943-u! Jad a49e 4ad y4eq LNOYWM sayouesg JO JYUbIaM AIG 


6L 21981 


29 


cOv 8vc O8e v0c 882 Leg CvL vSZL 69L OL 


907 8vc c6E SOc SbL vo9 602 9EL Lvl Sl 
600 8ve 907 LOC OOL GLS vL9 LIL vCL vl 
ELV 6vc CCV 802 LS9 evS Leg 969 OO0L el 
Lv osc Ovv 602 L09 OLS 66S vL9g 919 cl 
Lov eSc 6S LLC 6vS SLY 09S LG9 v9 LL 
Lev LGc c8v CLC 867 Ov e¢S 629 veg OL 
cer €92 60S Axe LSv 907 c6v 809 Lc9 6 
6&0 Le OvS 91c WA BLE vLv c6S e729 8 
Lvv L6c 84S 6LC A L9e 987 883 €g9 L 
9S CCE Gc9 CCC S6v vGE g9S vLO €vl 9 
S9V 8LE 989 SCC OvL els €6L LOL v96 g 
Wd Jd H dA O93 OM OS fo}: OYUN (4!) 4ag 
saiseds 


*(OL=4VQ) 9943-u! Jad a19e sad >44eq YOUeIG Jo JYyHIaM Aig 
Oc 21981 


30 


9EvvC L68L7~ OSSOE SV66L 6CLL?E CLULC LLLOZ L0602 LLECT OL 
6EEET GEVLT LOL8Z LGG6L c1802 08012 Lvvoc L9c0c OL6LC SL 
LvVLce 02602 66952 OLL6L 6702 L690¢ 8Z£00¢ LOG6L LLGL?C vl 
vS80c EveO7 BVEETC vLOBL L€002 6vc0C e996L v0881 C6602 el 
9SV6L c696L 6VOLC GE08L cvS6l 8LZ6L v6L6L L66ZLL 86E0C cl 
89621 vS68L 90881 C9ELL v968L 6LO06L L9981L LOLLt ELL6L LL 
c8E9L GLL8L Ec99L 89591 89C8L G6C8L cSO8l 6cc9L 9L68L OL 
L8ZvL GSGLZL cosvl Oc9SL LLDLL elect LGEZL SEEsl 8L6ZL1L 6 
L8CEL 09091 cSvCl 89brL LGEOL 6v09L GvS9OL 9EeGVL LO89L 8 
O6LCL Oc8rL GLvOL CVOEL LLOvL LOEVL Oc9SL gcOrlL LLGSL L = 
ELLCL COvEL 6298 LECLL BELEL vyoocl S851 6rerl 988EL 9 
Le6v1L CELCL GLL9 v688 LGSOL 8678 ELSEL cOE9L LLOLL g 
ne ee ee eS 
WY od H dA O93 OM Os og OUN (4!) 4qq 
saisedS 


Se 
SS 


"(OL=4Vq) 9943-u! Jad a49e sad gop youl-p e 0} }4bIaM Ua—as5 


Le ageL 


 ————————— 


CLGEL cOvel LSZ6L vL9OL 
Lé6CL 8ECCL E8L8l c8E0L 
68CCL OS0ZC1 vv99l OCLOL 
G6SLL CEBLL QELGL 786 
cvs0l LLGLL O99EL v8v6 
6cOOL GLCLL 6LCCL v606 
9916 cL6OL vL8OL L798 
LLC8 9901 8vv6 6018 
CCUL L066 vcls 8LvL 
LvL9 S8L6 9789 €CL9 
v9s9 9LZ8 6L9S cL8sg 
eCLL 8v89 Srv CCLYV 
Nd roy) H dA 


i ———— 
IIE 


C8EEL 
8E6CL 
O8vcl 
90021 
VLGLL 
cOoLl 
8901 
L066 
9LE6 
8898 
SLO8 
L8CL 


o}e) 


saisedS 


OM 


Os 


"(OL=4Vq) 9943-u! sad a1de sad qop yaul-p e 0} }YybIaM AiG 


ce elidel 


OL 
Sl 
vl 
cl 
cl 
LL 
OL 
6 
8 
L 
9 
S 


(ul) yqq 


32 


996LL CCELL 8Lv8L OCC6 6S801 LOSLL vcOLL LLOOL L960L 
COV CSLLL SS89L c868 85901 890L1 BVLLL £696 e6Z0L 
GL6OL 85601 O€esl GLL8 e€vOl cc9OL 09901 9SE6 S6S01L 
9LEOL LELOL 9v8EL 9Lv8 O8LOL E9LOL LOLOL 9868 L9OEOL 
§996 6LVOL vovel 8208 v686 0696 Lv96 £898 cOLOL 
c968 ZLLOL 900LL S692 8956 LOc6 8LL6 O9L8 0646 
LLc8 8L86 vS96 LGCL S616 €698 cLG8 CLLL 8Lv6 
CEvL v8e6 €GE8 GGL9 G9L8 vOL8 £008 LOCL 9968 
cL99 888 GOLZ O8L9 6928 LLOZ BLbL vvs9 vOovs 
9v09 OLL8 €L6S CGS L69L 6cOL vO89 6vS9 6892 
€C8S L8CL v8Lv 96L0 cSOL cLv9 LSL9 LLG9 8vL9 
L899 6809 VCLE 650 cLE9 €GLS LLvS 9CvL vSvS 


H 


sei9eds 


OL 
GL 
vl 
el 
cl 
LL 
OL 
6 
8 
L 
9 
G 


(4!) uqa 


SS——0—S—S——ss—ss((s—s——X—X———— 


(OL=4V@) 294}-u! sad a49e sad qop youl-p e 0} 4eq LNOYIM YYbIaM Aig 


Ec age 


33 


OSSL cs0L c6vl v6EL cG8l QLSL 69SL eLéL VILL 9L 


L9OvL L801 LEvL oorl cost Levl 8cSl evsl cLOL Sl 
8LEL L60L 89EL SOvl LGZL LEel S8vl 69ZLL Le9l vl 
C8CL S60L COEL LOvL L691 8vcl Ovrl 6891 LLSL el 
6LLL L601 9ECL 90vL LVSL LSLL C6EL vool ecSl cl 
OLOL Z60L LOLL OOvl c8Sl L901 vvEL QLSL v9vl LL 
856 e601 L60L V8EL OcSl GL6 c6CL 8crl Lov OL 
Lv8 cs0l Ecol vSEL vSvl ' 88 LECL GvEL VEEL 6 
OGL 6SOL Lv6 662L V8EL L6L 6LLL O82cl 89CL 8 
v69 GLOL 898 66LL 80EL 869 GLLL LOCL LLCL L 
8EL 6c6 v8L 9QLOL 9ccl vo9 Lvol QVEL c8LL 9 
LcOL 892 969 €99 GELL 60S LL6 0891 GEecl S 
Wd od H dA OO OM Os od OYUN (ul) 4qq 
saisedS 


*(OL=4Vq) 2243-ul sad a19e sad Gop Youl-p e 0} »44eq yo JYybIaM AIqg 
ve qe 


34 


JOA8 paepueIS 


Gé PIqe lL 


‘sdnoib6 e0 a21yYM pue eo pas ay} 40} suONeNba ,YbIa\ 


ve Lc 806° Oztt9' zA98E9L O=M SPO OLIUM qop youl-p e& O17 

6L Lt LEO 08/0g°zA0C9EC O=M SPO pay y4eq JO "AM Aq 

6 vs S86" zstog:zGecoce L=M SHEO OLIN gop Ysul-7 e 0} 

el vl OL6 CE8BLLI'GE-~LG9S9'L+VC1LG2°L9=M S}e0 pay 4eq LNOYWM “IM Aq 

OL 99 €86° vzz9g:z 6590S L=M SEO OYUN qop 

cl 62 GLO O786E8'0b--GE9EC8 8+0691L9'08=M S80 pay youl-y eB OF “IM ANq 

6 LLL vse Q0S1LCS°8b-,0cS82L9 VL +9vV9E0 LC=M SEO OLY M qop 

LL LoL 846° O8vc6E'S8-~Av6S1 b'91+ZL0vV9L 80c=M S80 pay Youl-7 BO} “YM USE) 

Le OL £68 QvvLyS'8~dLv962'0+9v0SS' Le=M SCO DUM 

ve OL C06" GEv89S'9-,00661 £'0+G06S1L'9c=M S20 pay y4eq Youesq Jo "IM Adq 

ve ce cOG Q86LSC ve-~A9C91LG'C+8SE9b E6=M S>PO OLIUM Aeq ANOYWM 

Le 8V LLs QS90SZ'CC-~QOLVES'C+S8C 88=M SPO poy sayouesg Jo mM Aiq 

€¢ OV OLG QLL6LL°CE- OSL LE*E+0VH68'VC L=M SEO OUYM 

Gc €S L68° CLOGLE6C-,G090SS'E+8SL0b VL L=M S}k0 pay sayouesg $o "IM Aig 

6L GG 6e6" CLbV9EL 8-2 AbCCCE G+EGCCS V8L=M SEO OLIUM 

ve 98 468 QO0Ever cv GO099LG'G+LcLLy LOL=M S}B0 pay SOYIULIG JO “1M U8816) 

0c L¢ LG osg0g zIC0L62 O=M SEO OLIYM 4eq Jo 

LL cL S86 vote cUec69b 0=M S}e0 pay "UM Alp 084} [2301 

LL 99 986° 9gzeg cGLLcLe L=M SLO BLUM AeQ LNOYLM 

OL L9 686" zoegzAS6vE9 L=M S80 poy WW Asp 994} [230.1 

LL 62 S86 z9609°z099989 L=M SPO OUIUM 

OL 69 686" zsovg:zOvVlO60 c=M Se0 pay MW Alp 88.1} [230.1 

OL OfL L86° o0svo'zALEC89 c=M SLO OVUM 

6 601 066" 9e0vg: cA8E6i9 E=M SPO pay "WM 9946 994} [210.1 
URALU-/\/\ JO % spunod zu uonenb dno LYUBIE\A 


35 


SELECTED REFERENCES 


Belanger, R. P. 1973. Volume and weight tables for plantation-grown sycamore. 
USDA For. Ser. Res. Paper SE-107. 

Burkhart, H. E., and J. L. Clutler. 1971. Green and dry weight yields for old 
field loblolly pine plantations in the Georgia piedmont. Ga. For. Res. 
Council Report 22. 

Curtis, F. H. 1965. Tree weight equations—their development and use in forest 
management planning. Soc. Amer. For. Proc. pp. 189-191. 

Kulow, D. L. 1965. Elementary point-sampling. W. Va. Univ. Agr. Exp. Sta. Cir. 
116. 

Lenhart, J. D., J. R. Hasness, D. R. Hicks, D. M. Hyink, and S. |. Somberg. 1973. 
Estimating cubic foot volume, green weight, or dry weight per acre of 
planted loblolly pine using variable-radius-plot cruising techniques. Stephen 
F. Austin State Univ. Texas Forest. Paper 21. 

Ribe, J. H. 1973. Puckerbrush weight tables. Univ. Maine Life Sci. & Agr. Exp. 
Sta. Misc. Report 152. 

Schnur, G. L. 1937. Yield, stand, and volume tables for even-aged upland oak 
forests. USDA Tech Bul. 560. 

Young, H. E. 1976. A summary and analysis of weight tables studies. Complete 
Tree Institute, Univ. of Maine. 

Wartluft, J. L. 1977. Weights of small Appalachian hardwood trees and 
components. USDA For. Ser. Res. Paper NE-366. 

Wiant, H. V., Jr. 1976. Elementary 3P sampling. W. Va. Univ. Agr. & Forest. 
Exp. Sta. Bul. 650T. 


36 


Stale 
CELE 
Tiina eggs ea 


Bd Comin tc) 
bore ees 
Het rue te 

SN 


Beck 


ees 


Sie 


i 


bynes ~ 
& 


Tan, 


Paarl sae 
a i 


se Sad prety Seah eg! Peles Os PPP pele He B88 se 
8 nde cepa er) bs OF) Ns Was reg 
ene aie ! 


nies 
ae 
ey. 


4 at Awe ty 
ded COW ge Ti 


Crary 


Mol ths ete Gs 
Be ee 


wy weeps ig Prot ‘ 
by way rat EMT alt oh 1 aE 
\Fodbreaels PSR Mss de " : Sng 39. 
E pease Hot 

ee ae ee ae 


veleae 


‘ ¢ eae ee 
idle Mist Sune din Ging 6 ka. dh ow ’ , } TB e rest, 
wy Miedo oy 4 SB ed 
in Ba 0 in raee 3 Fk phyeeeie one ss & 5 ar curd 
f a BBP Wea ae OF a gin MENTE ‘ 


oy 
Ni fr tadewtaten’ 2257 oS: 
Fide Rye se 


ery 
ah PhP ie Gg os 


Fim iB SE pia 68! nha 
atic tna Seine", ¥ 


we EWS EN 
Beare 


EN gy 

TN US . 
dates hago ATAY 
OAS Whaat 

selene als 
Sinha 

Fe Na 


YEH MSD RA Ads 
Ne be ae 


VA yey 


Ab vis 


ty 
pS) Stas 
einige et 


Ok Noa 
wn 


en 

Falk i 4 naa 

AVANTE HERE RAE 4 

OE Oi IRS, ee a oe te 

“Madu (WAR eg Sah BLA Rega 
acta ae ae ANA) ‘ 


: ay RIAN 
gape a, er ase 5 tis 


i , R Needs RH Red 
AER SBR Lo aA try 2 A At 
8 WHA ha ay 


: iy 
IN LF AAT om AA des 
Vl Gand ‘ Vie urate 


Aksar ope tne 
nt eA 
fae ne a bey itr 
BK Rebar shai ‘Ye 
255 Baal, ¥ 


